Background: Male infertility is approaching an epidemic proportion. Almost 50% of all cases of infertility may be associated with a male factor. The diagnostic usefulness of sperm DNA integrity is now accessible as an additional tool to Seminal Fluid Analysis. Objective: To assess sperm DNA fragmentation index (SDFI) in male infertility and its relationship with obesity, alcohol consumption and cigarette smoking among infertile Nigerians. Patients and Methods: Patients who presented for infertility at three health facilities of Nordica Fertility Center in Lagos, Asaba and Abuja cities in Nigeria. STATA 13 was used for student's t-test to compare the means of continuous variables among smokers and non-smokers and among alcohol consumers and non-consumers. Linear regression analysis was employed to assess the correlation between SDFI as dependent variable and some independent variables.
years compared to older men. There was also no significant difference in the proportion of men with SDFI of <25% and of ≥25% regardless of their age group. The mean SDFI of men with normal BMI (30.8%) was significantly lower (t = −1.80, P-value = 0.04) than that of obese men (30.2%). Obese men were 2.12 times as likely to have SDFI ≥25% compared to normal weight men (χ 2 -2.16, P-value = 0.14, OR = 2.12, 95% CI: 0.77, 5.80). Mean SDFI of men who consume alcohol (37.1%) was significantly higher (t = −1.97, P-value = 0.03) than that of those who did not consume alcohol. Although Pearson's correlation matrix (r) indicated that sperm DNA fragmentation index was positively correlated with history of infertility (r = 0.01), groin surgery (r = 0.04), mumps (r = 0.04) and sexually transmitted illness (r = 0.04), however the degree of correlation was not significant (P-value ≥ 0.5) in each case.
Introduction
Male infertility is gradually becoming an epidemic, a phenomenon that is rising at an alarming rate. Inability to father a child can be a major stress-producing factor and a frustrating dilemma for either the man or the woman or as a matter of fact both the man and a woman in a conjugal relationship. In some cases, the relationship is pre-matrimonial where a man wants to be sure that the woman can bear a child for him. Regrettably, the blame of infertility is mostly on the female partner not being able to get pregnant. Globally, infertility has been observed to affect about 15% -20%, an average of 1 in every 6 couples of child-producing age group. In approximately 40% of these cases, a male factor is involved, and this proportion reaches up to 60% where men are directly or partially responsible for the infertility [1] . The World Health Organization (WHO) defines male infertility as the presence of an alteration in concentration, motility and/or morphology in at least one sample of two sperm analyses [2] . Male infertility resulting from congenital or acquired urogenital abnormalities, malignancies, increased scrotal temperature (e.g. as a consequence of varicocele), endocrine disturbances, genetic abnormalities, and immunological factors [3] contribute to a definitive health seeking behavior among men, to raise a family. Although most men in the developed countries may be made aware, through screening or regular check-ups, of any of these causes of male infertility, men in sub-Saharan Africa are mostly unaware of risk factors for male infertility. Men often experience "waves of denial and shame, feeling like a failure" according to a report from a South African couple [4] . About 30% of men in USA do not know why they are infertile [5] and probably many more so in Africa. Sperm DNA fragmentation test assesses the quantity of damaged DNA in a sample of seminal fluid with sperm cells. Karsian [5] emphasizes that all men have some amount of damage to their sperm DNA which implies that the higher the percentage of damage to DNA, the higher the chance of male infertility and the lesser the chance of achieving pregnancy. Thus, current diagnostic tools in male fertility, such as the conventional Seminal Fluid Analysis (SFA) and others, are [6] and unable to determine the quantity of damaged sperm DNA in an infertile man, being mainly based on the evaluation of sperm parameters such as concentration, motility and morphology [2] . The role of sperm DNA fragmentation (SDF) in male factor infertility has been emerging as a valuable tool for male infertility evaluation [7] . According to Bradley et al., SDF is used in assisted reproductive technology (ART) programs as an indicator for sperm quality, although there is still a lack of consensus as to its clinical utility [8] . A main contributing influence of sperm DNA mutilation is oxidative stress due to excessive production of reactive oxygen species [9] [14] . In recent years, there has been an upsurge in obesity pandemic in developed and developing countries as obesity has been associated with decreased fertility and could be considered as an etiological factor in male infertility [15] .
Obesity, alcohol consumption, and tobacco have also been associated with DNA damage from increased oxidative stress [16] . Wdowiak et al. [17] reported that the burden of risky alcohol consumption result in an intensification of sperm DNA fragmentation [17] while Anifandis et al., [18] suggested that cigarette smoking and alcohol consumption separately and combined, have deleterious effect on sperm parameters and SDF. Sperm cells exist on microscopic level, yet they are built to carry enormous quantities of genetic information to the egg.
There is a scarcity of Sperm DNA fragmentation studies in Africa. In the first 12 years of the 21 st Century, there were 2390 publications of Sperm DNA fragmentation [19] , none from Africa even though in the past 10 -15 years, a plethora of studies have confirmed that sperm DNA damage testing has strong associations with every early fertility check point [20] . These include impaired fertilization, slow early embryo development, reduced implantation, miscarriage and, in animal studies, birth defects in the offspring. Childhood cancers have also been associated with oxidative damage to sperm DNA because of paternal smoking [21] . The population of obese men is increasing in Africa as does the population of men who consume alcohol. The consequence of obesity and alcohol consumption has not been properly elucidated, at least from reproductive perspective. This study aims to explore Sperm DNA fragmentation among obese and alcohol-consuming Nigerian men with the objective of assess SDF among men with normal, overweight and obese BMI and also among those with different social habits. Four dispersion patterns were defined: 1) Sperm with large halo: the halo has a 2 times larger width than that of the sperm core, with a darker spot (sperm head) in the middle 2) Sperm with moderate halo: having a halo size between large and small halos 3) Sperm with small halo: a very small, clear film, that has a halo appearance, surrounds the sperm head 4) Sperm with no halo. Sperm DNA fragmentation percentage (or SCD percentage) was calculated as the proportion of sperm with big, small and no halos, to the total sperm count per slide. We assessed two slides for every patient, and a total of 1000 sperms were counted per slide. The halos correspond to relaxed DNA loops attached to the residual nuclear structure [22] . The spermatozoa without DNA fragmentation show halos of dispersed DNA which can be large (big halo, bh) or medium (medium halo, mh), whereas those sperm nuclei with fragmented DNA produce either small halos (small halo, sh) or no halos at all. Initial laboratory results were reported, according to natural and IUI conceptions, showing 4 statistical categories of fertility potential: <15% SDFI = excellent to good sperm DNA integrity; ≥15 to <25% SDFI = good to fair sperm DNA integrity; ≥25% to <50% SDFI = fair to poor sperm DNA integrity; and ≥50% SDFI = very poor sperm DNA integrity [23] . Statistically significant threshold for subfertility had been established at SDFI >25%. Age (years) was categorized into <40 and ≥40 years and Body Mass Index (kg/m 2 ) into normal (BMI of 18.5 -24.5), overweight (BMI of 25 -29.9) and obese (BMI of ≥30). After resting for at least 10 minutes, electronic sphygmomanometer was, in the left upper brachium, used to measure systolic and diastolic blood pressure of each patient twice and the mean was recorded. An open-ended questionnaire was the instrument used to collect subjects' socio-demographic data as well as medical and surgical history such as hypertension, diabetes, torsion of the testes, mumps, groin surgery, varicocele, sexually transmitted illness and undescended testis.
Statistical Analysis
Sperm DNA fragmentation index (SDFI) in this study was categorized as <25% or good SDF and ≥25% as bad SDFI. Statistical analysis on the data collected in this study was performed using STATA 13 for Windows (Stata Corps, College Station, Texas 77845, USA). All variables were initially tested to determine variance homogeneity and data normality, and heteroscedastic data were transformed. Groups were compared using one-way ANOVA. Analyses carried out included frequency and percentage of proportions, appropriate bivariate (crosstabulation) and multivariate regression analysis. Statistical variances between means were decided by Student's t-test when comparing 2 groups and by Kruskal-Wallis where comparing more than 2 groups. Outcomes were given as mean (±standard deviation [sd] ). The significance of differences between two or more than two proportions was determined using Chi-square (χ 2 ) test. Odds ratio was determined at 95% Confidence Interval. Data were presented as figures, tables and graphs. Association between sperm DNA fragmentation index and continuous variables such as age, BMI, systolic and diastolic blood pressures was assessed using Linear Regression Analysis. Level of significance was set at P < 0.05.
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Results
A total of 111 apparently health males were involved in the study which took Figure 1 a graphical representation of age (x-axis) against SDFI % (y-axis) of study subject, shows sperm DNA fragmentation as early as 22 years of age (subject Table 1 . Socio-demographic and medical characteristics of study subjects. 104) with a SDFI of 27% and as late as about 65 years of age with a SDFI of 47%
(subject 111). The highest sperm DNA fragmentation index (84%) was at age 52 years (subject 89) and the lowest (9%) was aged 41 (subject 56).
Likewise, Figure 2 shows the graphical illustration of BMI (x-axis) against SDFI% (y-axis) of study subjects. There was no significant difference in the mean SDFI% of the two age groups of study subjects. When BMI was considered, the odds of overweight subjects having SDFI <25% was 0.79 times (χ 2 = 0.27, P-value = 0.61, OR = 0.79, 95% CI: 0.33, 1.91) and obese subjects had even a more remote odd of 0.47 to be included in SDFI of <25% (χ 2 = 2.16, P-value = 0.14, OR = 0.47, 95% CI: 0.17, 1.29). On the contrary, the probability of overweight men having a SDFI ≥25% was 1.26
(χ 2 = 0.27, P-value = 0.61, OR = 1.26, 95% CI: 0.52, 3.04) while obese men had a higher probability of 2.12 (χ 2 = 2.16, P-value = 0.14, OR = 2.12, 95% CI: 0.77, 5.80). There was a statistically significant difference (t = −1.80, P-value = 0.04) in the mean SDFI% of subjects with normal BMI (30.8 ± 16.1) compared to that of obese subjects (39.2 ± 21.3) ( Table 2) . Table 3 and Figure 3 show the SDFI% of the subjects according to their social habits. Of the 111 men in the study, 69 (61.3%) consume alcohol, either regularly or occasionally, whose SDFI% (37.1 ± 19.2) was significantly (t = 1.97, P-value = 0.03) higher than that of non-consumers of alcohol (30.2 ± 17.1). Only 2 (1.8%) men reported use of cannabis sativa (C. sativa). Surprisingly, the SDFI% of these two were significantly lower than that of those who reported non-use of C. sativa. Figure 4 (a) and Figure 4 (b).
As illustrated in Table 4 , the odds of those with history of varicocele to fall into the SDFI <25% (good SDFI) group was slim at 0. and mumps (OR = 0.7, 95% CI: 0.13, 411) to fall in the SDFI <25% group (good SDFI) was slim, whereas the odds of falling into the SDFI ≥25% (bad SDFI) group was relatively high.
Correlation matrix for certain variables, relative to DNA fragmentation index, shown in past infection with mumps and sexually transmitted illness had positive correlations with DNA fragmentation index whereas years trying to conceive, and varicocele had significant but negative correlation with DNA fragmentation index.
However, these correlations did not approach any level of significance. Table 6 shows that, among those who smoke cigarette, SDFI was negatively, 
Discussion
In almost all cases, the laboratory diagnosis of male infertility in sub-Saharan [28] which may be projected into human model because most diets, especially in Africa, may be magnesium-deficient. Three major conclusions can be drawn from this study which, to our knowledge, is the first ever-reported study on the human sperm DNA fragmentation among Black Africans. First, and most importantly, the prevalence of SDFI ≥25% was generally higher than that of SDFI <25% among the study subjects. The mean sperm DNA fragmentation of 34.5% reported in this study is higher than the 27.6% reported by Majzoub et al.,
in a Qatari study [29] . Fragmentation of sperm DNA is multifactorial, ranging from social habits, lifestyle and systemic illness such as diabetes among others.
This study has identified the possibility of DNA fragmentation among men with high blood pressure and among those with history of diabetes mellitus, two major systemic diseases that are ravaging Black Africans in recent history. This study speculates that DNA fragmentation seen in those with high systolic and diastolic blood pressure, may have been modulated via the high-sensitivity C-reactive protein (hsCRP), an inflammatory bio-marker detected in acute coronary syndrome and stable coronary artery disease (CAD) [30] [31] [32] . Kotani and Sakane's study also concluded that patients with metabolic syndrome-which includes high blood pressure-may have a closer linkage with inflammation and oxidative stress than those without metabolic syndrome [33] . Agawal and Wang reported that levels of Oxidation-Reduction potential (ORP), probably indicator of oxidative stress, were significantly elevated in semen samples with abnormal sperm parameters [34] . Oxidation-Reduction Potential stress is associated with DNA fragmentation [34] and oxidative stress, engendered by high ORP and
Reactive oxygen species, during episodes of high blood pressure, may be responsible for nicking the sperm DNA. The mean SDFI % of subjects with high systolic (≥140 mm·Hg) and diastolic (≥90 mm·Hg) blood pressures were higher than those of subjects with normal (systolic <140 mm·Hg) and diastolic (<90 mm·Hg) BP, though the differences were statistically insignificant. It therefore seems that high blood pressure level may be deleterious to sperm DNA integrity, possibly through several convoluted pathways. Further studies are needed to clarify this point. Sperm DNA fragmentation index (%) was significantly higher in obese men than in overweight or normal men. In fact, the proportion of normal men with SDFI <25% (good SDFI) was higher than of men with SDFI ≥25% (bad SDFI); the proportion of overweight men with SDFI <25% (good SDFI) was similar to that of men with SDFI ≥25% (bad SDFI); and the proportion of obese men with SDFI ≥25% (bad SDFI) was higher than of men with SDFI <25% (good SDFI).
Fariello et al., also reported a higher percentage of sperm with high DNA fragmentation (P = 0.004) among obese subjects [35] an observation that was validated by Dupont et al., in their works [36] . The disturbance of spermatogenesis might be one of the mechanisms by which excess fat tissue has a negative impact on male fertility [37] . Production of abnormal reproductive hormone levels, increased release of adipose-derived hormones and adipokines associated with obesity, as well as some physical complications such as sleep apnea and high scrotal temperatures may be responsible for elucidating the consequence of obesity on male infertility [15] .
Social habits have also been linked to sperm DNA fragmentation. For example, the mean SDFI% among subject who reported to consume alcohol (37.1 ± 19.2) was significantly higher than that of subjects who reported non-consumption of alcohol (30.2 ± 17.1), a figure comparable to the median SDFI of 42.50% reported by Wdowiak et al. [17] , the 49.6% ± 23.3% documented by Komiya et al. [38] and similar reports in other human [18] [39] and animal studies [40] [41].
That subjects who claimed not to smoke would record higher SDFI% than those who claimed to smoke was surprising. However, it is possible that though some people may not smoke, they could be exposed to the cigarette fumes of those who smoke.
Alcohol consumption supposedly damages sperm DNA integrity possibly as a result of the oxidative stress generated by the ethanol as alcohol-induced oxidative stress might be deleterious not only to the liver, but also to other extrahepatic tissues and organs of the body, including the testes [42] 
Conclusion
Data from this study indicate that the infertile men had significantly higher sperm DNA fragmentation, especially among obese men and those who consume alcohol. Moreover, it appears that sperm nuclear DNA fragmentation may increase with age and with systolic and diastolic blood pressures. There are several studies that have proposed various mechanisms and factors that probably 
Study Limitations
This study has certain limitations that need to be discussed. First, the sampling methodology might be biased against other groups of people. This study sampled only men who presented with infertility. The sperm DNA fragmentation in apparently fertile men was not examined. Also, this was a fertility-based study and the sample size was small, therefore, conclusions on SDF in the general public cannot be drawn from this data alone. Next, responses on social habits such as alcohol consumption, cigarette smoking and use of herbal teas were just Yes or No and there was no assessment of quantity, concentration or duration of consumption of these substances. We also did not measure blood sugar level concentration to determine whether subjects were diabetic or not. Further, there was no patient with BMI <185 kg/m 2 making it impossible to determine SDF among this group of people. Also, SDF was not reported in this study, from the perspective of occupation or exposure to environmental toxins. Although many variables such as age, alcohol cigarette smoking, and high body mass index can impact sperm DNA integrity, we did not perform unadjusted and adjusted odds ratio analysis to control for any or all of these factors.
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